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(54) Clay/organlcchemicalcomposWonsaspolymeraddmvestoproducenanocompos^^ 
nanocomposites containing such compositions 


(57) This invention Is o< a hybrid organoclay that 
consists of an organic chemical/phyllcsilicate clay inter- 
calate that has been ion-exchanged with quaternary 
ammonium compounds. Since this hybrid organoclay is 
hydrophobic, it can be washed in water to remove reac- 
tion salts and excess v^ater soluble or water dispersiblo 
polymers to give a clean product via Inexpensive means 
such as filtration. This allows a better dispersing com- 
position to be prepared without the difficulties of isola- 
tion presented by prior art which uses energy intensive 


means to remove the bulk of the water from the final 
product and cannot be easily washed. 

Inone aspect, the present invention provides a solid 
clay/chefflical composition that comprises; (a) one or 
more smectite clays, (b) a quaternary ammonium com- 
pound which reacts via an ion exchange mechanism 
with the smectite clay, and (c) one or more non-anionic 
organic materials that intercalate with the clay. 

The invention is useful both as an Ingredient to form 
nanocomposites and as a iheological additive. 
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Description 

ftACKGROUN n OF THE iNVENTtON 

Field of the Invention: 


10 ftieological additives. 

F^nkq round of the Invention 

,s for solvent based systems. They are usually praA^ed '"^^ %w^er d«p pny .^^^ ^^.^^ 

smectite clay, ar.d adding to a quaternary ^"'""r f " °^ '^^^ c^'ntaj^ P ^3^3, 
Clay by cation exchange reaction and ^-P'^J!; J*^^ ^^^^ aganLlays L be made without water by 

dispersion which allows .or Its .so^t.on ^^^^^J^^^'^^^^^^ c'ompound or compounds with no 

oxtrusbn mixing, with heat and shear, smectrte^y f^^^^^^^^^ oroanoclay of lower quality however, since. 

lot liMvor steel and «n» metal ptodutt.. " ™ ™™«,,s am a. replmmers lor heavl», stsol pans 

„s. in a gm»ng number ol o.h« 'nd"*, ^^^a ^a be«, succsMl, rain. 

the matrix chains between the clay's m.l .ons °' than about one nanorr^eter. 

polymer adhesives and films including P^^^^^ ^ phyiloeilicates. Smectite clays possess some 

[00061 The clays used are typically smectite days which ^'^^^^^^ 2, Their cn«tal structures consist oftwo- 
Era.charac?ehstlcssiml^rto the more we^^^^^^^^^ 

dimensional '^yers formed by fusing t>«,s.hcat«rahe^^^^^^^ ^^^^^^ 

Of either alumina (for example bentor^e) or m^esa ^^^^J^^^^^^^^^^ ionic 
having somewhat drtferent structures. Stactangdthese^yer^^^^^ 

ES~™n.osto.tenprepa^ 

by a cation exchange reaction between the silcate and an a'^'a^™^ <^^^^^ organophilic and this 
organics, natural bentonite and hectorite are themselves vety hydroph.hc. 
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Description of the Prior Art: 


100081 TheeaHiestscientificwaMsingorganoc^ysinthepreparat^^^^^ 

2,531 396, issued to a predecessor of Rheox, Inc.. the assignee of ^'I'^'^^^^^^^J'^^^^^^^^ „bber. po^chloro- 
use of organically modified bentonites to provide structural ' ^ 

number of patents 

prene and polyvinyl compounds. Over a genemt^ l^sS ^739^4 81 0 734; 4 £9.885; and 5.091 .462 use 
obtained by Toyota starting in 1 984: U.S. Patent Nos. 4.472,538. 4.739.00/, 4.bi u. 
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cganocay additives ,or piast.s and descnbe p.stic structures comr^ercia., used, to, example, to rep^ce stee, com- 

fSSr "lifted to na«x:^s,tes, R.eox. Inc. ^as ^^f^^^^^^^^^^ 
Easrt,eotogica.additiveswht^comprisethereactic.pr^^^ 
andorgar,icar,ionswhereinaqua.ernary^rgan,can,on^^^^^^^ 

U S Patent No. 4,41 2,01 B - organic anions are descnbed to include a large vaneiy yo 
carboxylic ackls, capable of reacting with the quaternary used organoclay with a polymer 

[0010] Manufacture to date of nanocomposite materials has ^^^^ ?o°example polystyrene has 

powder, pressing the mixture into a pellet, and heating at the ^^1,°^ '^^^^^^^^^^^^ Temperature 
Seen intercalated by mixing polystyrene with an ^^^^^'^'^^'^^'^^^eZ^^^ polymer melt 
o, heating ,s Chosen to be abc^emebu^^^^^^^^^^ 

[0011] Representative U.S. Patent No. 4 810,7J4 ^ exchange capacity ofup 

Lterial which compnses a ^'^^^'='^^''''^^'^1';^^^ medium, thereby form^g a 

to 200 milliequivalents per 100 g with a '"^^^ ^^^''1''.^; TJpo^^rr^e, and a polymerization step of 
complex Which has the P^oPf^ o^^^ Vl^^uZ ZTLnUss SI onium ion and a 

polymerizing said monomer ,n sari J^2r7^7^US Patent No 4 889.885 describes a composite materal, 

~^zr„7^'^r,TJiziXT^^^^^^ 

Is connected to a layered silicate through '"^rrriediate. ^ ,^ 

and 4.798,766. lo tn^ fioiH- Amroi International Corporation and AlliedSig- 

[00131 T»ooine.™i»cooipani«app»artoM>«.lon9.n»»«sld,A^^ 

pounds). See also Amcol U.S. Patent No. 5,721 M6. 032,546, 5,032,547 and 

'^^'^^ . ^, , . r^moanu u s Patent No 5 530,052 describes silicate materials, including montmonllonite 

P^'^®®' ^K.r^^r^iav/ intercalates directlv by reaction of the mononriGrs in the presence 

polymerization train be dedicated to the process ^'^.P'^;„°"'^'"f ^^^^ composition that can easily and 
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a nanocomposite. 
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oQ iPnT AND SUMMARY Q P THE INVENTION 

nh\ e>cA of the Invention 

composition in a manner that can be isolated readily. 
giinnmai Y of the Invention. : 

intercalate that has been lon-exchanged and ''f^^'^^'^'^ is hydrophobic, » can be washed with 

position is designated as a hybr« -9f;~'^V^"'=i^^ organic mater^l to 

water after manufacture to remove reaction J^^g 

irnrr^=:»rrpra::^~^,^^^^^^^^ 
sjrar.=.ror.™'r«=s,r^^^^ 

set forth below. 

ncQrHlPTIDN OF THE P RFFFRRED EMBODIMENTS 

S an .".Thanaad Lew p»dua *»ed b, ,he rl«=«a«on ,« r»c>» =1. 

a) one or nriore smectite clays; 

b) one or more quaternary ammonium compounds; and 
40 c) one or more non-anionic organic materials. 

roo»l Th. ,a,», «» ma^als can b. and (m,««« " f a^ »» — 

produie an W.nlW compMIO. -rcl. can M IsMalad, >^"^"»"*' ='^,~Lawt>» contain Individual 
FOOMI cava usalUlo. ol.man, a) a,. »~c«t. ''"i* S;^„7,2"mrro T"a* layered 

r.sS'Te^c. ™,« used . -»--r*"rrr*.:r";r.rd:rx« 
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. annortus clav slurrv and passing the slurry through a bed of 
This may be conveniently earned out by P'^P/^^" ^ tSeX can be mLd wrth water and a soluble sodium com- 
cation exchange resin in the s^ui^omv ^^rl'^'i mixture sheared, such as with a pugmill or extruder 

Montmorillonite 

(AI«.xMgxSi802o(OH)4.,F,]xR* 
" ^ere0.55..1.10...4andRisse.ected,rom.egroupcons.tingo,NaUNH.andmixture3 

Bentonite 

IS [AI,..M9,(a8.,«l,>O!0<°"lu''**"''* 


20 


25 


NH4, and mixtures thereof; 
Hectorite 

lMg6.xL*xSi8O20(OH)4.fPfl^F^' 
Saponite 

30 [Mg6./lySi8.,^AI,,,02o(OH)4.,F,)xR* 

thereof; and 
Stevensite 

lMge.xSi802o(OH)4.,F,)2xR* 
Where 0.28 . x . 0.57. f= 4 and R is selected from the group cons^ing of Na, Li. NH,. matures thereof. 
Beidflilite 

^e™0,5S.«.v,0,0.,.0.44.,.4.„d«»..ec«„o...,™pcoo..*,o,Ma.U«H,.an..»», 

thereof; 

carried out. 


40 


[0037] Compound(s) b) of the invent«n ,s a quaternary 

formula: 
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ammcniiim cor.pound(s) whch include those having the 
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R, 1 
1 I 

R, -> X- 


30 


3S 


Sendentty selected from the group ^H^V;"^^^^ atoms, (b) alkoxylated groups contain ng 
Xy groups possessing react^e unsaturation^^^^ 

;S'r:P.es.use.uUro.at.groups,.^^^ 
Spe-ateLsderivedfrornbenzylhaldes^benhy^^^^^^^^^^ 

£ Chain has from 1 to 30 carbon atoms, ^"f^^^^^f ^^^^ halves, ortt,orne<B- ar.d 

thSe derived from ortho-, meta- and wherein the alky 1 chain contains "o^n 1 ^° ^0 

^••"i:^— ^^^^^^ 

2 3- and 4-hatopheny. wherein the halo group ,s '^.^''"^'^^g^'Xl alcohol, wherein the alky, group contains 

Deiween ■ «i onH nhenanthrene. . nf this invention 


40 


45 are 


so 


s$ 


between 1 and 30 cart)on atoms, aryi sucn ^ p. . 

Dimethyl dihydrogenated tallow ammonium chk)ride(2M2HT): ^J^J^J^ 


HT cr 5!/^'^'^ 
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3S 


4C 


CH, 

1 

C..H„-N'-C:H.-OH 

r 

OH cr 


Dimethyl dibehenyl ammonium chloride ; 


CH, 

1S 1 \^ 


C^J1«-N'-CH3 


, A 


Methyl lns[hydrogenatedtaltowalkyll Chloride: 


25 j ^ 

HT-N*-CH, 


HT cr 


45 


so 


^nn.«l tor ourooses of the invention comprises a quatemaiy ammo- 
[00421 A preferred quaternary ammonmrncompou^dtorpur^^ 

oxide or less. ^ ^ „k^^ in the alkvl chain on the salt to insure that the final product 

d^yde as a source of the methyl radical. ^ variety of non-anicnic ma- 

tooil Non-anionic organic materals ^^"^'H^^^^J^,^ temperature so mat the aforementioned c Jy 

:.^'JmlSi:rc^f ^^^^ p.,^ides; po.este. po.ca. 

Xleneo'^ide.butyleneoxkle, propylenecx^e^ P^^ 
onaliphaticandaromaticd«lsandpdyurethanest^c«^ 

and copolymers) based on aliphatic ^^'^'^^'^'Zrs) based on tetrabasic acids and diam^es. vinyl 
aliphatic or a^^matic dols; polycarboimides ^^^^^^^^"U^es of styrene; acrylk: potymers and copol- 
po!,mers and copo^mers based on vinyl ;;~"^^^'"3;^;„^^^^^^^^^ and acrylic monomers; polyolefin polymers 
yme'3 based on acrylc monomers; '^^'^'I'^'J^ZT^e^^^^ PO^'"^'^ ^"^ T^, . 

Ind copolymers based -^^'^l^'^^^^^t^^Z serene, acryl and viny. monomers. The definition 
dienos isobutylenes and the like; and copolymers oaseoo 

orelemro does not include quaternary ammonium compounds. 
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10047] SpeCc prete^ed examples ot use.u. ^^^^^^^'^^^ Cles <^ther speCc ^te.a.s are 

polyviny,pyr«3lidcne (PVP) or its hydrotysis P;°f "'t^'^^^^ aS^^ pi^-Ltimidomethacrylarnide) polyv,ny- 
rac^lamide). PoV(N-isopropylacrylarndeV po.y(^^^ copolymers ther«,f. 

loxazolidone arKl polyvinyimelhyl oxazoKJone, PoWoWropy ^^^^^ organoclays. One is to first disperse the 
0048] A, least two general ''f^^^'^Zxe. co^^ of from about 1 to 80%, most 

LecL cay in water 1^ clay is .P-'«;J^'J^^^^^^^ 
preferably from about 2 to 8% by we.ght^Opt.onaiNJhe^ 

constitute about 10% to 50% or the ^^^^^"9 ^^^^^^ ra cl^^^^ ^tercatete is formed. Tf^is mixture ,s hen 
Sn!c organic mater^ . a heated d^, such^ - ^^^^^^^^^.^ compound is added and the final 

ion can be postulated ^i*^^'^^^^^^^''^''^^ material and quaternary ammonium compound used to 
[0052] The preferred an»unts and types of '^^^^I '^^^J'^l^^ ^ I matrix polymer that each composmon ,s 
make the composrtions of this invention will ;'^J'^^^ZIZZ^ of the clay platelets in the matrbc polymer 
,0 be mixed into with me goal to ^^^^'^^f "''^^"^'i,^^^^^ at leas. 5:100 to 80: 100 and more preferably 

,t is typcal that the ratio of component (<=V° ^£^^,1^^ ««' ^ ^ '""'^ '° "^^^ ,? 

15 100 to 50: 100. The ratio of component (b) '°.~^,P°"!";^^^^^^^^ 

product sufficients hydrophobk: to allow P^^^ Jj^'"^^^^ hydr5»bcity of the carbon cham at^ched 

incorporation in the polymer matr«. This ^" depend^^o n:^ 1 0O parts of clay are preferred. 


30 [0053] 

pfcxluct of: 


^ ' .A u ^^^na-tunt^ rlav and 
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exchange capacity d the smectite-type clay and 
(c) one or more non-anionic organic matenals 


so 


55 


nclude almost all p^stk^s. polymers and ^««"ATtC J^^^^^^^ ca*oxylic acids, as well as ureas, phenols 
:r :r"^ -^^^^ r rThrr- id as co^mgs and ha. had prior an organoclays 

propylene g^ls, po^ramines, P^^^-'^/^'^ ^^^^^^^^^ nanocompos.tes by 

rene vinvl allyl and acrylic monomers, polyamides, poiyoienns vulcanizable rubbers. 

and mixtures and blends tM.eol. .»i™,„l,hisinventodlsp«sedinto»i«al>oveieleience!)[«!l»™r8, 
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L,ma. Shock, pressure changes or ^'J^^ ^^^^^.'^l extruders roll m«.s, stirrers, Banbury® type 
nolymer is mixed with the hybrid organoclay by mechanical mean 

^ " 

such systems. , ^ invention, but are not deemed to be limiting thereof. All 

indicated. 

IS Example I 

,naba.edthreel.erreactorw.he.cien^..^^^^^^^^ 
,ur,y concentration of Cay = 2.8%). The '-^^^^^J^^J^'^^^ ,o the slurry and stirred 1 5 minutes to 
as Shown below, at a level of30% based on '^'''^'^^ ^^^^ gO mL of isopropanol were added to reac 
effect intercalation, sufficient alkyl quaternary ^r^^^ 
with 1 00% of the measured cation exchange capacrty of the clay anoin 

45 minutes. , . ^ non-anionic organic material to the clay slurry quickly as a single 

[0065] The W«l process used was «"''^^2'^f;^,^„'°;^Xidastocause some ctey to not have maximum 
shot (Method 1) . It wasfoundthat, in '^'^T^'^Z^Xion new hybrid organoc^ys were prepared us^g a 

Si^-^eprecipitatedproductwas^.erc.0^^^^^^^ 

rgrunrrsst^rnrbT^^^^ 

using state of the art X-Ray diffraction measurement equipment. 
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Run # 


22.86 


22.86 


21-14 


29.47 


+4.49 


+4.49 


+2.77 


+11.10 


+9.11 


50 


2 2M2HT = Dim.«.yldiv*09*.al*i talow ammonium 'W-^V^ 

3 M2HeS . Methyl bi6((2-hydr,xye«hyl)l»»>«yl amf«on.um ohion*. AOA««pie acid. AEPO-an.inoelhylp«>pane<*ol. 

^^^et^^ol BJA^thyleoedUimine, HSA-hydro^ysteanc aad. 
5 international Spcoiatty Producte (ISP). 
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TABL E 1 (continued) 
-HY^..^ r^^^^r: ^^ Prepared and Their Proper ti^ 


3S 


40 


45 


SO 


11 


12 


13 


14 


15A 


15B 


16 


Non- An ionic 
Or^ic Mate rial ^ 

p(\nnyt a tcohol) 

p(9t tTyten9 glycol 

polyamide 

polyamide 

poiyurethane 


Commercial Nanne Quaternary 


Airvol 5236 
8220 MW 
THIXATROL VF- 



THIXATROL VF- 
107 


M2HES 
M2HES 


RHEOLATE 204^ 


p(styr9ne/MA) 1 SMASOOOy 


2M2HT 

2M2HT 

2M2HT 
2M2HT 


Method 


dooi (A) 


B 


36.1 1 
40.0 


+10.65 
+14.5 


Hectorite p(dimethvl3iloxane) AntitoamT^ 


u^t^rit. Q(dimethvlsiloxane) Anttfoarr^ 
^ 10.000 MW 


M2HES 
M2HES 


19.32 
19.66 


+0.95 


+1.29 


Hectorite polyacfylamide 


2M2HT 


31.10 +12-73 


— I 1 ~7r. I M2HE5 


40.69 +22.50 


Hectorite polyamide 


THIXATROL VF- 
207 


43.88 +25.51 


Hectoriie polyanide 


THIXATROL VF- 
207 


M2HES 


40.0 


+21.6 


Hectorite polyamide 


Jef2000y 
E1004/NMG 


36.11 +17.74 


17A 


20A 


208 


24 oenionuw i K ^'y^*"- i . 

® Air Product* 

7 RHEOX commercial product 
S EitAtochem 
9 Dow Coming 


Hectorite 1 polyester 


Ct5/El004/E11) 
41) 


H ectorit e polyester 
Hectorite 1 polyamide 


C15/E10 01/E1040 
EDA/HSA/E1040 


M2HES 


41 .45 +23.08 


M2I^S 


40.0 


+21.6 


M2HES 


20.01 1 +1 637 


Hectorite I polyamide 


EDA/E1004/NMG 


Hectorite polyester amide C15/E1004/NMG 


p....^Jn^^ amide C15/E1004/NMG 


Hectorite polyester amide 
B entonite p(ethyiene oxide) 
Bentonite polyamide 


G15/ E1004/NMG 
600. 000 MW 
THIXATROL VF- 
107 


-jentonite polyester amide | C15/E1004/NMG 


M2HES 


34.71 +16-34 


M2HES 


38.59 +20.22 


M2HES 


B 


40.0 


+21.6 


2M2HT 
M2HES 


+14.5 
+4.5 
+20.2 


M2HES 


B 


44.8 


+24.4 


55 nescfiption ot Results: 
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, spacing ever and above that caused by tne puatemary aione (Adoo, c<.umn). 

E xample ^ ^^^^^^^ ^^^^^^ determine their 
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46 


SO 


ss 


■ 1 Refer, to me*HX* employod fer the preparaton of the hybrid organod^. 

nascriDtion of Results: 
bentorite day slurry (concentration of clay ca. 3.0%). "^e slurry 


11 


EP 0 962 187 A1 

^ ,n=n mixM a. Isnpenmir, M. an """"'^2*0 10 p™M« a *al P^M l=ss man 325 mestu 

^„ can d,«d al 65-c. I««»d », ■^"JreTO S^Sad £ Exa,7,pla 2 ana «.«, dlapa-slon otsa^ad 
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Tabie ill 
Comparative Dtepefskxio 


Run# 


Clay 
Hectorite 


Hectorite 
Bentonite 
Bentonite 


^kDn-Anionic Organic 
Material 


Cormwrcial Name Quaternary 


M2HES 



2M2HT 


Dispersion^ 


Poor 


Oi8p«8lon ™,k«. on a 1S«»1. (Poor. F»r. Good, V^r Gc«i, Exorfeol) by v»»« 


2 Rheox commercial proAict 

DeftcrlDtlon ot Results: 

™ni.. of Tatl. 1.1 oamo^wa M na«t«, t««l=>al cganica., n»d«ad oBy. no, non^iuatomlzad 


30 Example 4 


Example 4 
in Table IV. 



Sa mple 21 B/Xyterwpregel 

^ Rhcox oommorcial product. 

^ rviaeri ption of Reauita: 

Sit, 10 mo anhanoad ... wnNn iho aHootlvo -anga lo, «»olos«al adomva.^ 
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Claims , . 

• n.nk«^xchanqed reaction product obtainable by the intercalate 

1. Aclay/organicchemical composition comprising an KXt^xchanged 
and reaction oJ: 

(a) a smectite clay; 

(b) a quaternaiy ammonium compound; and 

(c) a non-anionic organic material. 

and hectorite. and is preferably bentonrte. 

[ R, I 

I ' I 

I R,-N-R, I 

\ ■ I, Ix. 

g,oopsl««8lro,r,810 30 ea«x». atoms =t|..)al«»l«»«^«^^ 

OW, contanhg («™ I to al»ul 80 "^^"^'T^f.^Murstlon *d It) Itydrad*: and X' com.ns»s a" 

. ^ ^ » - — ™ ~ ' 

consisting of 2M2HT and M2HES. 

yienes, polyoxyethylenes and copolymers thereof. 
8. A nanocomposite comprising : 


30 


as 


40 


45 


SO 


55 
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nylon 6, polyemors, polycarbonates, po^acetal resins and mbctures and blends thereof, 
11. A nanocomposne according to claim 8. wtierein the matrix is a glycol^odified po^ester. 

. .^loi^cftton wherein the clav/organic chemical composition comprises 
5 12. A nanocomposite according to any of claims 8 to ^ .^^^^^^^^^ o% bv weight of the nanocom- 

fram 1% to 30% by weight of the nanocomposite. and preferably from 3.5% to 12.0% by weigni 

posite. 

13. A rheologca. addit^e for liquid organs systems compr.ing c^y/organ«: chemical composition as defined in any 

10 of claims 1 to 7. 
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976007 
328865 
5883173 


542170 B 
7751581 A 

891142 
8107422 
1166264 
3145423 
3145449 
3145452 
3145456 
3145457 
3145462 
3145475 

506681 

813616 A,B. 

2495171 A 

2088932 

2092609 

2090584 A,B 

2152109 A,B 
76347 A 
52976 B 

1701376 C 

3057955 B 
57111371 A 
83758 A 

8105184 A,B, 
458768 B 

8106792 A 
4410364 A 
8107904 A 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


A,B 
A.B 


20-05-1999 
22-01-1997 
09-01-1997 
18-11-1998 
08-04-1998 
20-02-1998 
01-03-1999 
16-03-1999 


07-02-1985 

27-05-1982 

16-03-1982 

10-08-1982 

24-04-1984 

29-07-1982 

29-07-1982 

24-06-1982 

29-07-1982 

09-09-1982 

16-06-1982 

16-06-1982 

18-05-1982 

18-05-1982 

04-06-1982 

16-06-1982 

18-08-1982 

14-07-1982 

31-07-1985 

06-08-1984 

27-04-1988 

14-10-1992 

03-09-1991 

10-07-1982 

14-04-1982 

16-06-1982 

08-05-1989 

18-05-1982 

18-10-1983 

27-10-1982 


S For more details about th» annex ; see 


Official Journal of the European Patent Office. No. 12/82 


16 


